A B S T R A C T The cellularity of normal and lipomatous adipose tissue and its response to different lipolytic agents have been studied in a group of 10 patients with multiple symmetric lipomatosis (MSL).
INTRODUCTION
Multiple symmetric lipomatosis (MSL)l or LaunoisBensaude lipomatosis (1, 2) is a disease characterized by the formation of nonencapsulated lipomas, situated symmetrically at the neck, the nape of the neck, the shoulders, the supraclavicular and deltoid region, the abdomen, groin, and buttocks (3) (4) (5) (6) (7) (8) . The lesion most likely originates in the subcutaneous adipose tissue, subsequently penetrating between the muscular fascia or in the spaces between organs, apparently following the path of least resistance. Although this disease is usually asymptomatic, it may cause severe complications due to tracheal, laryngeal, and mediastinal compression (9) (10) (11) (12) (13) . Moreover, spontaneous regression of lipomatous masses has been described (14) .
The pathogenesis of MSL is unknown. Alcoholism, with more or less severe hepatic involvement (9, (14) (15) (16) (17) , has been reported. Association of reduced glucose tolerance and hyperinsulinemia (5, (18) (19) (20) (21) , hyperlipoproteinemia (5, 15, 18) , hyperuricemia (5, 10, 15, (19) (20) (21) , and renal tubular acidosis (19) has also been described.
In vitro studies evaluating lipolysis or lipid synthesis in lipomatous adipose tissue have not been reported in literature.
The purpose of our investigation was to study the cell size of lipomatous and normal adipose tissue of 10 MSL patients and the cells variation following increase in lipomatous masses or in total body fat. In 1Abbreviation used in this paper: MSL, multiple symmetric lipomatosis. addition, some aspects of in vivo and in vitro lipolysis were studied to identify possible specific metabolic alterations in both lipomatous and normal tissue in these patients.
METHODS
10 males affected with MSL, ranging in age from 26 to 57 yr, were studied. Volume and extension of lipomata varied and in some cases only the nap of the neck and the shoulders presented round, distinct masses -6-8 cm in diameter (Fig. 1) . In othe'rs, there was a symmetric involvement extending to the deltoid region, the anterior wall of the chest, the abdomen, and the groin. The 10 MSL patients and a control group of 10 healthy subjects, matched for age, underwent the following tests:
Inhibition of lipolysis by oral glucose loading. 100 g of glucose diluted in 200 ml of water was administered. Venous blood samples were collected at 0, 30, 60, 90, and 180 min for determination of free fatty acids (FFA), blood glucose, and plasma immunoreactive insulin. Glucose was determined enzymatically, insulin by radioimmunoassay (22) , and FFA by the titrimetric method (23) .
Inhibition of lipolysis by insulin. 0. (27) .
In vitro study of lipolysis. Surgical biopsies of lipomatous and normal subcutaneous adipose tissue were obtained from five patients under local anesthesia with Xylocaine (Astra, Sodertalije, Sweden). Normal adipose tissue was taken from uninvolved regions as close as possible to the lipomatous masses. The fragments were placed in saline at 20-25°C and immediately transferred to the laboratory. Tissue slices weighing 100 +5 mg were placed in 1.9 ml of Krebs-Ringer bicarbonate solution, pH 7.2, containing 3.5% bovine albumin. After preliminary incubation in a metabolic shaker at 37°C for 30 (Table II) .
The patient with an observed increase of the lipomatous masses had the average weight of the adipocytes vary from 0.45±0.6 to 46±0.6 jig (Table II) . The havior was similar in MSL patients and in the controls (Figs. 2, 3) .
Fasting lipolysis. Average FFA values after an overnight fast were lower in MSL patients as compared to the controls, but the difference was not statistically significant (Fig. 4) . During fasting a smaller increase in plasma FFA levels was observed in MSL patients. After a 24-h fast, plasma FFA values in MSL patients were significantly lower than those of the controls (P < 0.05). Average glucose values during fasting were not significantly different in MSL patients than in the controls (Fig. 4) .
Noradrenaline-induced FFA mobilization. Noradrenaline-induced FFA mobilization in MSL patients was also reduced. Mean FFA values were significantly lower at 30 and 60 min in MSL patients, when compared to those of the controls (Fig. 5) . , NE , (Table III) . In contrast to lipomatous tissue, the lipolytic response to 10 ,uM noradrenaline and 10 ,uM isoprenaline as well as to 3 mM theophylline and 10 mM and 1 mM dibutyryl cyclic AMP was present in normal subcutaneous fat. Effect of noradrenaline on ATP levels in lipomatous and in normal subcutaneous adipose tissue incubated in vitro. Due to limited subcutaneous adipose tissue availability, the effect of 10 ,uM noradrenaline on intracellular ATP levels in normal adipose tissue was determined only at the end of the incubation period. Basal ATP levels were similar in normal and in lipomatous tissue. However, noradrenaline induced a significant reduction (P < 0.001) in intracellular ATP content only in normal tissue (Table IV) .
Time-course ofintracellular ATP variations induced by noradrenaline and theophylline in lipomatous adipose tissue incubated in vitro. In the absence of lipolytic agents (control samples), intracellular ATP levels did not vary during the incubation period (Fig.  7) . ATP concentrations in lipomatous tissue did not vary even after the addition of 10 AM noradrenaline.
Theophylline 3 mM, instead, induced a rapid, highly significant reduction (P < 0.001) in intracellular nucleotide levels. At the end of incubation, ATP levels were 40% lower than those of the control samples. Noradrenaline's inability to induce lipolysis in lipomatous tissue is further confirmed by the time-course of glycerol release (Fig. 6) . Theophylline, instead, exerts a net lipid-mobilizing effect. These results emphasize the complete inertia of lipomatous tissue to the /8-adrenergic stimulation and agree with the observation of reduced lipolysis by noradrenaline observed in vivo.
DISCUSSION
To clarify the reasons for the lack of lipolytic response to catecholamines in lipomatous tissue, intracellular ATP concentrations, both in lipomatous as well as in normal tissue, were studied. The lipolytic process requires a continuous supply of energy, furnished by ATP. A correlation was, in fact, found between the rate of lipolysis and the fall in ATP concentrations (44, 45) . Under basal conditions, intracellular ATP levels are similar in normal and lipomatous adipose tissue of MSL patients. No significant variations in intracellular ATP levels in lipomatous tissue occur when noradrenaline is added, whereas theophylline induces a progressive and significant decrease in nucleotide levels. The lack of a catecholamine effect is more evident when ATP levels in lipomatous and in normal adipose tissue are compared (Table IV) .
These observations indicate that the metabolic alterations can be localized at a level preceding the formation of the cyclic nucleotide. However, it is not possible to establish whether this alteration is due to a specific modification in the /8-adrenergic receptor or in the mechanism controlling the transmission of the hormonal stimulus.
In normal subjects, fasting plasma FFA levels and FFA mobilization seem to be positively correlated with the body fat mass or the cellularity of normally functioning adipose tissue (46, 47) . In our patients, the insensitivity of lipomatous tissue to the catecholamine-induced lipolysis and the reduced amount of normal subcutaneous tissue could explain the decrease in FFA mobilization observed during fasting and after noradrenaline infusion.
The insensitivity of lipomatous tissue to the main stimuli regulating lipid mobilization could also explain the smaller decrease in fat cells observed in lipomatous tissue after body fat mass reduction.
It may be concluded that MSL develops as a result of zonal cellular proliferation. The neoformed cells show an anomalous metabolic behavior both in vivo and in vitro, characterized by insensitivity to the acute lipolytic action ofcatecholamines and to the long-acting physiological mechanisms regulating lipid mobilization in adipose tissue.
